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°“lc»  o£  Scientific  Research 
1A 00  Wilson  Boulevard  (NLl 

13.  abstract - - - - - x Arlington,  Virginia  22209 _ 

'■«  “«««  that  human 

hinder  adaptive  behavior  with  resoect  tn  !! V  of  representation  facilitate  or 
seen  as  especially  important  in  today's  world r°nmental  information.  This  problem  was 
in  an  information  "explosion"  in  almost  every  fielHf  V™  technolo8y  has  resulted 
as  civilian  situations,  more  elaboraTe  ana  ^  °  endeavor.  In  military,  as  wel 

increasing  amounts  of  information  to  humm  m°r°  ®ophisticated  devices  bring  ever 
mation,  must  operate  equipment  or  vehicles  °P°ra  °rs  ”ho»  on  thc  besis  of  this  infor- 
f requcntly  have  life  and  S  conseouencL  7  ^  imp°rtant  decisions  that 

more  information  is  delivered  to  the  human  decisi^  i!:  7^  bettor  and  how  much 

no  advantages  if  the  human  is  unable  to  make  use  of  tMs^nJ  “7  technolo8y  conveys 
human  performance  has  clearly  indicated  S  f  information.  .Research  on 

with  information.  He  must  selectively ^react  L  tL  7^  S  Cap3City  f°r  dealin« 
on  this  contract,  provides  information  that  mlohf  v.  n°i  Cope  w*tb  ifc  nil*  The  work 
ing  to  bear  different  subareas  of  experimonta?  G  relevant  to  this  issue  by  bring- 
memory,  thinking,  psycholinguistics  motor ^skills7' cho]°8y~Perception,  Psychophysics, 
common  problem  of  coding  system.?  m  7  ®kills>  and  human  performance --upon  the 
inputs  and  outputs  ®  *  “d  thCir  int«a“i°ns  with  each  other  and  with 


DD  ?o?.,1473 
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SUMMARY 

°n,"Codi?g  systems  in  coRnition  and  perception"  v?as 
established  to  experimentally  study  the  different  ways  that  humana  represent 

k"  *"?  how.tJ'ese  fonns  of  ^presentation  facilitated  op  hindered 
adaptive  benavior  with  respect  to  environmental  information.  This  problem 
was  seen  as  especially  important  in  today's  world  because  the  new  technology 
rmT?reJ  ln  an.JRfolinffon  "explosion"  in  almost  every  field  of  endeavor 
as  aS  civilian  situations ,  more  elaborate  and  more  sophis-’ 
■.leaded  devices  bring  ever  increasing  amounts  of  information  to  human  P 
^erators  who,  on  the  basis  of  this  information,  must  oper^e  eouWnt  or 
vehicles  or  must  make  important  decisions  that  frequently  have  life  and 
death  consequences.  No  matter  how  much  better  and  how  mLh  ^n f«ma  on 

is  oelivered  to  the  human  decision  maker,  the  new  technolSy^vev-  ,  no 

onV  the  hUm^n  18  unable  to  makft  use  of  this  information.  Research 

iTfZti**  Clrly  indiC3ted  hW  Urait«d  ls  »«’■  capacity  ^for 
1?  iLWith  tinformation-  He  oust  eelectively  react;  he  cannot  cope  with  it 
air  The  work  on  this  contract  was  intended  to  provide  inforr.stion  that 

^ ‘r  rr-v? thls  isM£  »y  bri”^"e  ‘o  »i«-  differ if 

X^Ucf  Psychophysics,  memory,  thinking,  psycho- 

cod  ng  systems  and  th*f^4  hU?an  PGl’fovmance-*upcn  the  coutneu  problem  of 
oJtpufo!  interactions  with  each  other  and  with  Inputs  and 

off  ri^n  I*"?!!* methodological  accomplishment  was  the  development  of  an 
off  ci  nt  and  fully  operating  automated  laboratory.  About  75%  of  the 

°n  this.eontMct  waR  done  with  the  aid  of  this  facility.  The 

which  a"  ,  ,  Xa  ***?  fround  tvo  computers— a  PDP-9  and  a  PDP-15-- 

hich  are  mated.  Along  with  these  central  processors  and  related  peripheral 

quipment,  which  were  purchased  under  the  contract,  we  developed  the  neceosarv 

™.^Xeo"dT a  vari*‘y  of  *.o  ZtT"* 

V£.  **  u  a-rlb*4 iB  —  *» « opociol 


The  program  wsr,  q.,ite  euccessful  in  experimentally  isolating  and  in- 

wtrievin«gmdVIrtin^lff*r*Jt#!0din?  8y8teu9  •nPicy«d  bY  humane  in  storing, 
retrieving  and  acting  upon  information.  In  the  perceptual  area,  for 

IhTllt'S*  W#P!  *}?  t0  **r-hail  lines  of  converging  evidence  to  demonstrate 
s  ence  of  a  Cartesian -like  internal  reference  syetem  which  enables  the 

sssursiS  •  -*■'  *-  »* 

,  "ith  B*aory*  In  th«  m€B°ry  area,  we  have  in  several  different  wave 
clearly  demonstrated  visual,  articulatory,  auditory  and  semantic  pSnciJS?’ 

Mdit?^12?^00  WhlCh  ^ Independent  or  quasi-independent  of  one  another.  In 

def[  ^the^tliro!!  kinesthetic  eemory  eyetsas  which  operate  indepen- 
!he  °*ntrel  processing  system.  Vs  have  made  beginnings  in  specifying 
properties  of  thsse  systems  as  well  as  thsir  interrelationships^* 

wopk,on  th«*«  •ystsms  and  the  highlights  of  our  findings  are 
described  in  the  section  on  research  findings. 

Ths  work  on  this  contract  concentrated  on  isolating  and  exrein in x  the 
/  d  ff8r*nt  **P""«tational  systems.  Ibis  wot*  lays  a  fire 
I?)  fcr  til*  n#xt  ■J*P»  "hl<*  "HI  •■phasixe  the  grewth,  development, 

ea  i  0plicatiJ!P^I!nrtlCnJ1  durln*  «d*Pti"*  behavior.  The  precti- 

havr,  ^  r°Vh*  P°*«ibillty  that  the  different  systems  each 

•ir  optimal  range  of  applications  and  tha  combined  use  of  different 

•yatucs  may  be  ths  key  way  for  hreans  to  overcome  inherent  limitations^? 
the i  f  process ing  syateras. 
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1.0.  INTRODUCTION  AND  OVERVIEW 


Our  original  application  to  do  research  on  this  contact,  which  w/s$ 
submitted  in  .1966  began  with  tha  following  words: 

'Th<>  proposal  deals  with  tha  interaction  between  coding  syatons  and 
a  vents  in  perceptual  and  cognitive  tasks.  This  interaction 
is  viewed  as  a  reciprocal  relation  between  tha  fona  of  the  coding  ays- 
teic  rod  the  characteristics  of  the  stimulus  event.  On  the  one  hand,  we 
wart'  to  investigate  the  way#  in  which  the  characteriotlcs  of  the  coding 
system  are  determined  by  the  qualities  and  organization  cf  components 
in  the  atimulus  event.  On  the  other  hand,  we  want  to  study  how  the 
efficiency  with  which  an  individual  operates  upon  the  stimulus  in forma - 
ticn  la  determined  by  the  characterletics  of  the  coding  system  which  he 
employe  in  the  situation.  The  general  plan  is  to  attack  this  issue  by 
means  of  a  cerlea  of  differert,  but  closely  coordinated,  research  pro¬ 
jects.  The  projects  will  individually  investigate  the  same  problem  from 
a  vetiety  of  different  viewpoints— form  perception,  multidimensional 
psychophysics,  scaling,  decinon  rad  choice  thooxy,  concept  learning, 
skill  learning,  inductive  logic,  and  problem  solving.  We  will  coordinate 
the  projects  by  means  cf  several  devices:  1)  the  formulation  and  appli¬ 
cation  of  a  common  terminology,  notation,  mil  system  of  concept**;  2)  the 
us*  of  identical  stimulus  sets;  3)  the  use  of  commo  tasks,  dependent 
variables,  equipment,  and  experimental  designs;  4)  the  rotation  of  re¬ 
search  assistants  among  projects;  and  5)  a  single  individual  «s  princi¬ 
pal  investigator  who  has  the  authority  to  decide,  at  each  choice  point, 
whether  a  given  experiment  does  or  does  not  directly  contribute  to  the 
overall  goal  of  helping  us  understand  horn  the  cSarartorirtlcs  of  a  coding 
system  affect  an  individual' a  ability  to  use  infoixsatlon  in  perceptual 
and  cognitive  tasks." 


This  report  la  technically  the  final  import  of  how  veil  we  met  our  ob¬ 
jective*  during  the  four  years  of  the  contract.  Compared  with  our  initial  ex¬ 
pectation*  of  five  years  ago,  wo  feel  that  we  have  more  than  surpasred  our 
original  <*»•  reason  for  thin  was  that  we  originally  contemplated  a 

“ClS.If  ^  thl>  quickly  grew  to  10  main  investigators 

in  addition  to  a  Visiting  Scholar.  This  alcoe  gave  our  manpower  more  than  a 
50%  increment  over  what  we  bad  planned.  A  second  reason  was  the  gratifying, 
but  -inexpected,  success  in  developing  an  automated  laboratory  near  tha  and  of 
tha  firot  year  of  the  project. 


report  is  the  "final"  one  in  a  legal  eenee  only.  Because  of  the 
inevitable  lag  in  publication,  in  preparing  results  for  publication,  and  bring¬ 
ing  inoompleted  studios  to  a  conclusion,  not  all  the  research  finding*  and 
bllcatioos  that  eventually  will  be  credited  to  thio  ocu tract  can  be  imported 
c  iooo  after  tha  expiration  of  tha  contract .  At  this  tine  we  cannot  b*  sure 
°*  ^  final  tally  of  aueh  work.  Consequently,  the  principal  investigator 
plaue  to  spend  next  eimwr  in  preparing  a  more  integrated,  rad  hopefully,  more 
cocplet*  final  version  of  our  accomplistmwnts. 


N.  Moray 
1968-69 

Adrian  da  Groot 
Brooks 

Wolfgang  Metzger 
C.  Cocci 
Hintzoan 
W.  Viokalgroo 
1969-70 

P  M.A.  Rabbi tt 
Bo  Julasz 
0  Mack ay 
1971-77 

K  Cortedsnker 
fi'  Rinaolattl 
Ro  Shepard 
H.  H.  Clark 
M.  Tathas 


y.«r  Jtd^^  '*■  °*  ‘OorOMooch 

Intended  to  prepare  oar  in  Testiest  or.  co*£ut*r;  ***•  prlaarlly 

■ated  Lei  oratory  in  *jt  efficient  imnn  D  **4rc^  ■•■idtaata  to  use  the  auto- 

taka  our  courses  in  order  to  leare  thieiJ^M**!*  °th*P  cesie  to 

»ents.  r  T°  le*ro  thiB  ^Portent  nee  way  to  conduct  ezperi- 

1*3.  Personnel 

During  th.  four  year  period  the  ^ 

ferent  e-ain  invut ciyatore,  ell  of  iho.  ported  the  wort  of  U  dif- 

Psychology  at  th.  UniT.reity  of  ZJTZ  .S*  *?*  D**'r1™*  of 

ti!«  contract  during  It.  foj  y.»dS!tl  J  ««•  on 

Inngtb.  of  tine  ..  i,dl«.t.d  2u"  ^  Cth,n  "*••*»  *«?!"« 

«th.r  ^‘uo^.  «•«*  °f  «*• 

y«r.)  «d  Crl.  Unlit,  (on.  y..r>,  0tl 


l«i.  Accomgllahagnta 
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The  results  of  our  research 

mmsmmssm c: 

^Ttt'rvr^^  <*  <»ur „. 

^kS££=?«wSE 

SST^  STS22  f  r=  «"  i»'Xp*btTc*  SuS!  “ 

1-2.  Other  activities 

1*°~°'r. 

to  Our  ■-V^rffTT^n  th*  *M1*  ■><!  fltZ,  *"™'11  oontruct.  H«. 

•tu<l«t.l!in^,M  “1*  *»*"•  ~««~k  «  ^  ",r*  *"W 


H.  P.  Behridc 
0*  Sperling 
T.  Trebesso 
L.  Horovlts 
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St.*Z°ZZ  if  or”ioE*LZ£ 

to  m.1"^".I”V”t,8“t°”  bal,md  th*  d««™«  contributed 

assistants  also  .ortfd^sZn^tlZorZoth  “  “t15  “^etStaduate  research 
at  coca).  M  or  ®otl>»,  on  the  contract  (not  all 

doctoral  ZZZlZ,ZrircZZZ«*nJ1”1&0r  ln  "•*.  15  ««-Pl«.d 
dapondant  raaaZh  Zi^a  by  ZSZ  S*v*Kl1  otb"r  1- 

«hon  they  .era  directly  relaainttc Z  *  un*r*t.du.ta  atudanta, 

tract.  ,h.«  am  b.  L^jTiSl  fLTZt'Co”  ZZSrt*  ^  — 

ccn tract  £££1*  "T"*  -*•*-*».  th. 

-itet«i*(2f3rt2S^22  JESS?  *  *-in  »««tarlea.  5 
«ra,rear.  an  alretronlc  technician  and  thre.  ««-«»'  ^ 

1.4,  Output 

suited  ln  5H  paps^pSliUhsd^  if  fl"*f  the  connect  had  ra_ 

"It ted  for  puhHcatlon  or**re  £Tff-  IZI  a  in0th-r  20  or  »°  h«vo  fcenn  sub- 
thls  total  ?h.se.  2T«LSi525  SJfm  -  ■*  ^ 

cation,  then  we  coee  up  with  a  fleura  Polished  or  submitted  for  publl- 

asnte  or  expei>Ieen t el^ro j •  cts  cajole ted  SET*!***1*  90  lnd#f'w,<1*nt  «P«vi- 
Thls  figure  i.  «n  «^Eati2te  4 t  #  four  year8  of  th*  street, 

during  the  find  year  of  the  contract  are  ^111°^  *"P*?1*U>  cne*  otarted 
b««n  analysed  and  evaluated  u  yet  Man^i^  **  «»plsted  or  hcv*  not 
Inherent  In  laboratory  raaeeroh^win^s  °f  theaa,  (Ivan  tha  Inavitable  lags 
»U1  b.  cradlt^ZZa^lZ’Z^Z  ln  P^Uoatlon.  .Jf’h 

pub  11, had  wait  on  bahSfZZlaZSZ;  ,h*  «»"  *=»“■»  of 

aaparata  pnpar,.  1  oontreot  .111  cart  .Inly  ba  ».u  over  100 

va«  ,11~<rtiyiiIvp<^dfbyP^^mrt.0flJdiS^tirfJh*  ^  *°  PMaarch  th4t 

already  has  had  widespread  ratifications  and  win  W°!*  tha  o®01'*01 

ties  to  coma.  Already  there  are  15  foMP  t0  do  *°  for  9mc 

who  are  continuing  the  type  o^so  ’  fri<Juatoa  of  mr  progran, 

in  our  laboratory.  These  for®**.  * **  they  leani*tl  to  do  while  workitfc 
ov£r  e  dozen  different  laboSt^ri,r  Sthl^  cc"tlnu1’^  ^  'TP*  of  work  i? 
our  visiting  scholars  axedTo^ontii^ii^^o  *-ni,C*nnda-  *»  addition, 

trained  ln  our  laboratory  (this  adds  at  leeae^Ii*  work  foP  *hlch  they  Mr* 

Wo  issues  aeverd  of  the  students  who  are  ,ttt|t  lyi  ?a  004  °*  °»  outposts). 

«nc  who  have  worked  on  the  contract  will  elen^ *f'ar?a  thoir  doctorate 
o«r  work  And  euch  of  the  ^ tinu*  thla  dissemination  of 

IdfR8»  Endings,  and  the  like  will  continue  to7nff0Ur  y*2T*’  ■wthodJ»  Bw 
^goo  of  the  inveatigatore  andthoiTJuJfl  influanoa  tha  work  her.  «t 

•  which  stands  as  one  if  the'Ld  ^  "?tom*t9d  U*>° *•- 

lnu*  to  support  research  of  the  typ^we  eefh^f*^*!.  th*  cootract.  will 

xna  Typa  *•  •■phasised  during  the  contract 


I*5*  Applications 


8, 


Because  our  contract  was  to  conduct  basic 

ar?  ~£jp' 

■S  s€~te 

SusEsH?^ 

23-S«£ 


*-*•««*•»  »vt.»  of 

which  coo  be  lemdlat.lv  utmiich  t„  , wiil  n0*  *”•  •  M"*l  of  Instruction: 

«  hop.  th.t  *°,2*  ’°1Utlf  °f  «P*hlH=  problans.  But 

aSSs^JSrs, 

psychology  generate  research  in  response  to  •*•«»  of 

generated  by  philosophers  and  othsr^doIicT^TWe^a  ll^-  81?0^ 
reason  to  expect  that  answers  to  such  problSL  wllT^!  prl?rt 

to  practical  situations.  In  contra**  1  U.hav*  obviou*  applications 

psychology,  which  1.  th.  app  roach  ^of^tha^'work^aa'euv^  «W>*°ach  to 

«pca>.  to  wry  practical  nrohla.i  duel.!  !£!?/!!  thl!  “ntract,  ncH  In  re¬ 
ntes  problem  hod  to^J  .W  m.!;?,  !1,  "  11  Ita  *«*™«h. 

“‘^  PtobiM.  of  how  to  arrenga  dUDl.v.  ^  I^fJ^^f!!!1”?^10118  “<> 
could  bast  coca  with  *h»  .««  i*.!.  ,  a  •nTlro*»snts  such  that  nan 

technology  ^floSl^uTO  hlT  °f  «>•*  th.  nauar 

s'tuetlcnn  ore  oftaa  sinulatlons'of  rool^llf.  ata°Ur*P***#i®"*  “d  laboratory 
to  raact  quickly  or  ac^alf-  th^Sl^s  to  "hlch  '■-«•  haw. 

warlaty  of  daviL”  T^Sd  bT.OTrlwi  1?  dl,pU^'1  «  • 

plications  of  com  of  our  »ork  “*r*  ”°*  •“*•  obvious  sp¬ 

in  foot.  w.  hoc.  already  sosnsoss^f  ouv^at  *Ui  *l**^**a  dawlopmnt.l  at.,., 
designing  typ.  f.ca,  JTdlL?^.  PUt  *°  «es  In 

pronunciation  < of  n«  LJEdfL®  ST’*P*“  **  t“Chln»  oorraot 

JUUU.UU  UUi»  U  NO  2T  * 

fintilngiTt^auoh  ^bliU'af thll'am^oTo^".^  ”*  **  our 

"total  nolao  on  Infowatlo^o^liaii^S  !Ll?*Un*’  **"  •«*«•  of  anvlron- 
»— «  up«  th.  laolSH  SpS^?.MSS'  ^^2“*  °*  no*  ability  t.,t, 
laboratory,  the  basia  for  hlah-laval  ■wnnf*!  !!  tt  t  "*  baT*  1-ol*ted  in  our 
in  various  fields,  and  sieilarVrob.U*... Ul  “  thOM  dl,pl*y®d  bY  «*perts 


2.0.  THL  AUTOMATED  LABORATORY 


The  Automated  Laboratory  began  in  April,  1968,  with  tha  acquisition  of 
an  8K  PDP-S  oomputer  and  associated  peripherals  (2  dactapa  units  high-apendj 
paper  taps)  including  an  oscilloscope  and  light  pan  for  displays  at  a  total 
cost  of  $42,250.  To  faeilitsta  tha  rapid  and  smooth  integration  of  tha  compu¬ 
ter  system  into  tha  lab,  a  faculty  member  with  experience  with  experimental 
use  of  small  compute  re,  a  systems  programmer  and  a  computer  technician  were 
hired  prior  to  delivery  of  the  system.  After  installation  was  completed,  an 
18  bit  digital  input  system  was  implemented  for  interfacing  key  press  re¬ 
sponses  and  a  millisecond  accuracy  dock  for  timing  response  latencies. 

Actual  experimental  use  of  the  oomputer  was  then  able  to  begin  within  two 
weeks  of  installation. 

The  next  step  taken  was  to  make  the  system  more  available  to  the  aver¬ 
age  user  by  implementing  a  standard  set  of  machine  language  subroutines 
callable  by  Fortran  programs  which  made  it  possible  for  the  Fortran  user  to 
writs  programs  which  utilised  the  non-standard  real-time  devices  (i.e. ,  the 
experimental  apparatus).  Use  expanded  greatly  at  this  point.  Meanwhile  an 
additional  oscilloscope,  a  Tektronix  611,  was  interfaced.  It  provided  s 
much  larger  format  (8"  x  11"  instead  of  s  circular  5")  and  provided  for  larger 
displays  since  it  was  a  storage  scope  and  did  not  require  "refreshing."  Also, 
s  digital  output  system  was  implemented  allowing  control  of  such  devices  as 
lights,  in-line  display  cells,  noise  generators  and  eventually  tape-recorders. 
Once  again,  Fortran  callable  subroutines  for  their  operation  were  provided. 

By  Winter,  1968,  usage  had  increased  to  the  point  that  it  became  ob¬ 
vious  that  demand  for  oomputer  time  ,  ould  soon  outstrip  supply.  The  solution 
decided  upon  was  to  implement  a  simple  multiprogramming  time-sharing  system 
to  allow  two  experiments  to  run  at  the  some  tine.  Necessary  hardware  ad¬ 
ditions  including  a  swapping  timer  and  all  the  interfaces  for  a  seccfnd  ex¬ 
periment  were  Isegun  concurrently  with  eoftwere  development.  The  resulting 
system  underwent  e  gradual  evolution,  but  by  Fall,  1969,  a  stable,  reliable 
time -sharing  system  was  in  operation  mi  experiments  were  being  run.  simul¬ 
taneously.  The  work  involved  included  modifying  standard  DEC  software  to  make 
it  smaller,  rewriting  many  DEC  end  hone  systems  programs  to  make  them  shsrable 
by  the  two  users  (especially  tha  Dectapa  handler)  as  well  as  ths  time-sharing 
monitor  itself. 

A  major  drawback  to  this  system  (called  Son  of  Zoroaster  4)  was  the 
relatively  small  amount  of  space  available  to  the  users.  This  severely 
limited  the  combinations  of  programs  that  would  fit  and  reduced  the  amount  of 
time  two  users  were  actually  running.  This  was  alleviated  to  eons  extent  with 
a  major  modification  which  overlaid  part  of  the  resident  system  and  freed 
extra  spaoe  for  users.  At  this  point  it  became  obvious  that  demand  would  ones 
again  outstrip  supply.  Slnoe  a  nawsr  version  of  the  PDP-9,  the  PDP-15,  had 
einoa  become  available,  and  -  it  wee  more  suitable  for  developing  larger  time¬ 
sharing  systems,  end  since  the  oost  wad  about  the  tame  as  enlsrCing . the  9,  we 
decided  to  purchase  s  12K  PDP-15.  It  wee  delivered  in  July,  1970  at  a  total 
oost  of  $50,000  including  an  interprooessor  buffer  which  allows  communication 
between  the  9  end  the  15  at  memory  cycle  speeds.  The  latter  has  proven 
valuable  to  us  as  it  allows  one  oomputer  to  "eaves -drop"  on  the  other  for  pur¬ 
poses  of  monitoring  its  behavior— particularly  tha  accuracy  of  Ite  timing  of 
events,  e  critical  question  for  moat  of  our  experiments. 
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to*tro°tl°°  coa.  of  th.  15  i.  .  aup«rMt  of  th.  9,  It  ... 
•«ay  to  transfer  all  our  previous  work  to  it,  ao  single  experiments  becan 
laaedlataly.  An  even  more  major  drawbaok  of  S0Z4  was  tha  fact  that  both 
u^r.  had  to  be  loaded  almaltanaoualy.  if  .o^lhChSUlft^.  pJl 
gran  it  was  naoessaxy  to  atop  tha  whole  eye  tarn  and  raload.  Likewise 
different  experiments  at  one  station  could  not  overlap  with  the  sm*ona 

taTSsr^ 

•£ 

began  running  two  experiments  simultaneously  in  October,  1971.  Tha  full 
£rn£1UdlnJ  ”  *dltor  and  “••*bl*r  ■▼•liable  to  tha  user  in  his  4K  to 
S^ary?B1972?*ir*l0|**nt  oooourp,ntly  with  «P«rimeots  is  projected  for 

Tha  initial  Pleides  was  built  around  tha  concept  of  a  response  station 
A  rwpoiw  ooo.l. t.  of  Wt  of  cor.,  .  flotypl,  . 

necessary  experimental  apparatus  (scope,  digital  I/O  for  switches  and  liehts) 
A  response  station  cost.  $13,420.  This  is,  to  be  sure,  just  SoSttte  .££ 
pr  on*  would  P«y  for  a  single  4K  mini-computer  with  similar  experl- 

«PP«ratuo  attached.  However,  the  power  of  the  time-shoring  system  is 

I/O  «^iSSr?;0  For/***1?;  u**r  has  access  to  mass  storage  for 
£«  opi*?t*d  X/J»  md  •  sophisticated  monitor  which  speeds  and  simpli¬ 
fies  his  experimentation .  Such  a  system  would  require  an  additional  4K*fo»* 

Current  Plans  for  Development 

n„  '  ^ f*T  *•  °*  **»•  *p**t#,t  barriers  to  more  widespread  use  of  the  eom- 

programming  effort  involved  in  either  implementing  s 
- 1  .Bem  °**«a.  modifying  an  existing  one.  This  sterns^ 

f^r  2s£SJi£*J!!i;  }W«Un;Ult,blJlty  °*  *ith*p  Fopt*™  «  machine  language 
for  iescribing  psychological  experiments.  He  are  currently  implementing  a 

laval  language  v  called  Experiment  Vriter.  EH  is  interactive 

and  allows  the  psychologist  to  describe  his  experiment  to  tha  ’ 

With  U**'»  WtrUl"»  "bl**".  "show”,  "wait^  »eccipt"). 
EH  then  outputs  some  oode  which  is  executed  interpretively  by  another  proaram 
Experiment  Runner.  Presently  this  system  is  limited  in  capability.  It^^*" 

S'-ggy***  — * «-» it  aS 

not  provide  nedbaak  to  the  subject  or  summary  stetistios  for  tha  — — _ _ _ 

S'. tb*  ral*  tytt—  .hould  «lloT.wn 

TSS  ^  M 

alttough  we  posaesa  the  hardware  and  software  oapacity  to*con- 
tinue  to  meet  such  needs  fbr  several  years  to  ooms,  we  have  neaeheda  limit 

location^  *P*°*  for  «cP*rimental  stations  at  our  current 

location.  If,  as  we  expect,  the  development  of  EH  both  speeds  up  the  rets 

of  programing  and  sntioss  people  who  currently  do  not  use  the  system  to  uss 
it,  the  future  rate  of  growth  will  actually  ex£sed  the  pHt^d^TTaSl £ 
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at  our  currant  slta  will  bacon#  overwhelming.  Plana  for  the  Straub  Hall 
aita  have  been  designed  to  optimise  use  of  the  computers,  not  only  by  pro¬ 
viding  convenient  locationa  for  additional  stations ,  but  for  easy  connection 
of  other  experimental  rooms  to  the  computer  for  purpose#  of  data  acquisition, 
but  not  experimental  control.  Pie idee  has  been  designed  to  allow  an  unlimi¬ 
ted  number  of  "lines"  to  be  attached  to  the  computer.  When  a  switch  attached 
to  a  line  ie  closed,  Pleidee  reoords  a  tine  for  that  line  since  the  last 
closure.  This  is  output  on  paper  tape.  At  the  end  of  the  day  a  special 
progrm  will  separate  the  accumulated  data  into  separate  files  for  each  line 
on  Dectape  which  oan  then  be  analysed  either  on  the  IS  or  9  or  the  central 
PDP-10  time-sharing  system.  In  this  way  an  experiment  can  be  facilitated 
without  necessitating  a  full  station.  For  many,  full  experimental  control 
by  the  computer  is  unnecessary  and  this  data  collection  facility  is  sufficient. 

He  might  add  that  an  additional  benefit  expected  from  the  Straub  site 
is  increased  quietness.  The  sound  isolation  at  our  current  site  is  not 
very  good,  and  as  a  result  acme  of  the  benefits  derived  from  the  more  pre¬ 
cious  and  accurate  control  of  experiments  provided  by  the  computer  are  being 
lost. 


Educational  Role  of  the  Computer 


So  for  the  presence  of  the  computer  has  had  a  dramatic  effect  on  many 
of  our  graduate  students.  Several  of  then  (e.g. ,  Steve  Boies,  Joe  Lewis, 
end  Nancy  Frost)  have  played  key  roles  in  the  development  of  the  facility.  | 
On#  got  a  job  with  IBM  on  the  basis  of  him  experience;  mid  the  attreotivanees 
of  the  others  to  psychology  departments  was  definitely  enhanced  judging  from 
the  feet  that  they  were  given  direct  responsibility  for  developing  similar 
systems  at  the  tnivereltles  which  hired  then.  Evan  those  students  who  did  not 
become  me  intimately  Involved  with  the  oomputere  as  the  aforementioned  have 
benefltted  greatly  from  their  experience  end  will  be  better  equipped  to 
coapete  in  a  research  environment  whloh  la  becoming  increasingly  computerized. 

He  have  reoently  begun  to  integrate  our  oomputere  Into  undergraduate 
Instruction  on  a  more  formal  basis  (at  least  three  undergraduates  have  become 
proficient  in  their  uea  on  an  individual  baaia,  designing,  programming  and 
running  their  own  experiments  on  the  computer).  He  expect  that  the  imple¬ 
mentation  of  EH  will  greatly  faeilitata  this  process. 

3.0.  RESULTS  OF  RESEARCH 

The  organisation  of  this  section  ia  by  areas  and  investigators  within 
areas.  Our  investigators  or  postdoctoral  scholars  break  into  three  natural 
groupings:  peroeptioo  and  pay ohophy lies,  cognitive  processes,  and  human  per¬ 
formance.  In  e  crude  way  these  areas  correspond  to  emphasis  upon  input  pro- 
cejses,  central  processes  (Including  storage  and  retrieval),  and  output  pro¬ 
cesses.  The  dividing  lines  are  determined  by  emphasis;  almost  all  the 
investigators  overlap  one  or  both  other  areas  in  their  work  end  interests. 
Indeed,  it  is  this  overlap  whioh  make  for  integrative  poealbillties  on  our 
project. 

Under  each  investigator  wa  have  also  described  those  students  whose  the¬ 
ses  or  doctoral  disaartation  they  supervised.  In  some  caeas  students  did  a 
Masters  Thesis  with  one  Investigator  and  th#  doctoral  dissertation  with  another. 
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In  such  cuu  the  students  work  is  completely  described  under  one  investiga¬ 
tor,  usually  the  one  he  ess  lest  supervised  by.  Quite  frequently,  the 
supervised  work  belongs  nor*  naturally  in  one  of  the  other  two  areas.  But 
we  describe  this  under  the  investigator  section  to  enphasise  bow  such  overlap  there  was 
among  the  projects.  Furthermore,  one  of  the  stated  goals  of  the  contract  was 
to  rotate  students  among  investigators  aid  projects  and  such  discrepancies 
between  the  supervisor* e  area  and  that  of  his  student  illustrates  the  extent 
to  which  we  achieved  this  objective. 

3.1.  Perception  and  psychophysics 

This  area  includes A1(tnaave ,  Bede,  Fagot  and  Hyson. 

FRED  ATINEAVE 

Attneave's  work  on  our  project  has  focussed  upon  how  we  represent  physi¬ 
os!  spaoe.  The  energing  pioture,  based  upon  hie  work,  ie  that  such  a  repre¬ 
sentation  is  analog  rather  than  digital  In  character.  His  papers  on  tridimen- 
eionality  (Attneave  and  FTost,  1969),  spatial  oodlng  (Attneave  and  Benson, 

1969),  and  siailarity  grouping  (Olson  aid  Attneave,  1970)  leply  an  internal 
nodal  of  physical  spaoe  which  is  analog  in  nature  sad  which  nay  be  prinarily 
visual  in  charaotsr.  Such  an  analog  ooding  eye  tee,  obeying  a  alnlnal  principal, 
oonplenents  the  type  of  ooding  systeaa  that  we  have  studied in  the  cognitive 
and  performance  areas.  In  Attneave's  work,  the  esphasle  is  on  the  type  of  per¬ 
ceptual  economics  that  operates  to  simplify  perceptual  input  before  contact 
is  made  with  memory.  The  work  in  the  other  areas  focusses  upon  the  economics 
involved  after  contact  is  made  with  memory  or  during  the  process  of  making 
this  contact. 

Attneave's  work  on  tri dimensionality  not  only  oon tributes  new  conceptual 
insights  and  empirioal  findings  about  the  nature  of  perceptual  organisation, 
but  it  also  represents  a  new  breakthrough  in  methodology  (this  methodology  has 
milady  been  used  to  good  advantage  in  the  doctoral  dissertation  by  R.  K.  Olson 
which  will  be  mentioned  below).  In  these  experiments  on  peroeived  tridimen¬ 
sional  orientation,  the  subject  aligns  a  rod  in  three  dimensions  (which  he 
views  with  both  eyes)  to  correspond  with  the  peroeived  elope  of  the  edge  of  a 
twt>-dlaanslooal  line-drawing  of  a  bom-like  figure  (whloh  he  views  with  one 
ay  a).  The  results  are  oonsistent  with  the  existence  of  an  internal  spatial 
coding  system  in  whloh  dlstanoea  in  all  directions  are  interchange  able  (Isotropy). 

Fr£n  such  experiments  a  model  of  how  a  subject's  peroept  in  .foamed  can  “be 
roughly  sketched  as  follows.  From  sort  of  an  ioonic,  two-dimensional  input 
the  lines  of  tbs  drawing  are  projected  into  a  three-dimensional  (Internal) 
spatial  echama.  From  an  infinite  number  of  possible  projections,  the  peroeptuel 
system  achieves,  by  means  of  a  hiU-clirblng  method,  a  three-dimensional 
representation  that  minimises  the  complexity  of  the  percept.  In  this  particu¬ 
lar  experiment,  one  possibility  is  that  the  subject  achieves  a  representation 
such  that  the  lines:  forming  the  edges  of  the  box  are  parallel  and  of  equal 
length  and  auoh  that  the  angles  between  lines  would  be  the  sane.  A  cube,  for 
example,  would  be  much  simpler  to  snoods  than  most  two-dimensional  projections 
of  a  cube  because  the  three-dimensional  representation  enables  the  subject  to 
deal  with  only  one  length  of  eide  and  one  angle  between  sides.  Onoe  the  per¬ 
ceptual  syetem  has  achieved  a  projection  that  is  minimally  oonplax  in  teams 
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~*>ty  ift  ££  Tthito  it^uLTtaCt  With 

2Lsr*  •“«««  rrs. 

Man  Inga,  descriptors,  and  f**db-cJc  loopa  between  aenory  or 

ayataa  it  makes  sansa  to  aak  Questionr^*"**^00*  Mithin  th*  "ore  coup  lax 

labelling  upon  tha  ■lnlalxatlOT  fotce*  thCt'a^*  ° *  prior  •*l>#cta»cy  «d 

laval,  ate.  °rCe*  that  ,p*  w<«*i»»*  at  the  preprocessing 

-  "■  «*■ 

JMc'ss.ars  ss  sSi^rs 

perceived  tri -dimensional!  tv  NTtMi5  grouping  (Olson  and  Attn save,  1970), 
location.  '“"•“•locality,  reverting  and  ambiguous  figure.,  and  a^tial 

methodological  cont^Siw^w^iuh'Ttriubitanti197#?  *1*0  “k**  *  "*jor 
origination.  In  thla  atudy,  Attneeve  and  oSS!*  tllr*  flndln**  0,1  Pitch  de¬ 
nature  of  th.  lnvarlanoe  SolS TeStl  o«c.xn.d  with  th. 

Coding  of  tonal  pattern. ,  «t  laaatSn^!”.!^!*1*"** und,p  transposition. 
«l»o«t  entirely  on  relative  Mmory,  sen.  to  ba  baaed 

naive  aubj.ot.  end“o'  ^r..ant^n.PrJ Ut that  whereas 
remembering  the  alma  of  an  lntarval)  muaiesiiv  kt-”?2*®****  °r  analog  font 
aeot  tbaei  in  a  cat^Srfcal  or  digij.1  fora  ^-7  "°phl,ticat,d  aubj.cta  repre- 
interval  for  which  thay  hava  .  dffinit.  *  th*  ^tlty  of  011 

.f  °f  *»*•«<»  « »!.«** 

tioa  on  "Iha  rola  of  2?Ut?d  hl*  do« tonal  di.s.*.- 

(1970).  Hi.  results  illusion" 

aion  of  oscillation.  Tha  £lL.  5^0^10^^ *?*P*  Taplabl*»  **  tha  illu- 
width  ratio  and  linear  perspective.  PP^nt  r,v*r,al  v*rl#d  with  both  height- 

Attnaava'a^uJCdiaiCThe  dSCtSiTdiwrtltiM^^S!  J2*®  C<*pl#t*d  UDd*p 

spatial  relationship,  on  a  surface  vWd^J  f  i  „C®,t"°y  P*noeiv*J 
with  a  c  last  I  cal  problaa  of  shape  oonataneJ*  uf1®*  <197P’  rp°*t  started 
own  on  a  .urfaoarS.  eonatM^oTiS^a  for*  1# 

ehangaa  in  tha  slant  of  tha  surface  with  ^Li!  despite 

T  conatMoy  of  apatiaHo^S^^  £0^*° 

•haps,  itself.  Frost's  dissertation  "ith  M  •  function  of  tha 

extant,  tilt,  and  J°  **  •"■»*  •»*  variabU.  M 

h**  bean  removed.  Constancy  aasM  tn#*nn?^Uf2  coo*tancy  whan  tha  shape  context 
in  isolation  fron  a  paroalMd  ovaCali  t°J!f*ti*1  varlab1**.  than,  judged 

mother  extension  of *At toe eve's  idT^  I*111  di##*Pt«tion  reveals 

ayaten.  tDtm  a  idaM  on  an  internal  Cartesian  rapraaantational 

Let.  ^4S^cTS*TCh  Pr0jTct*  "M*  «*»««  «.  o^rpro- 

U9n)  u..d  °l.SKT‘tlr  ’»r,lc*1  «tp2J,t  u»..° 

lupUotlen  of  no.  _ J*  “  InjTOiou.  way  to  tut  ai 

gical  Optica.  And  hla  .tvdr  wlth*!^^^-!???*  H*laho1*  i»  bis  Fhjslolo- 

tt&tlm  tlM  pnJnS?  ?mo)‘wlT2  2f°Si**ti0<‘  •^rStSH-on 

c.  ved  spatial  locus  enter.  into  the  id.JtifiSJil'U1^!?  the  way  that  par- 
*  stimulus .  t  if  i  cat  I  on  and  attentions!  dansnds  of 
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B*ck  b«cac  a  co-investigator  on  our  project  during  ita  final  yaar. 

(toly  part  of  Back 'a  work  in  tha  araa  of  paroaption  overlaps  with  our  foeua 
on  coding  aystene  and  it  la  juat  thla  part  which  wa  have  agraad  to  aupport. 

Tha  atudy  with  Johnson  and  Stevens  "An  aftar  affact  of  apparent  noveaent" 
ia  currently  being  replicated  and  a  paper  will  be  prepared  aoon  after. 

W.  H.  Eichalman  (now  at  the  University  of  Masseohueetts)  completed 
under  Back' a  supervision  bis  doctoral  diaaartaicn  "Change?  in  the  relative 
die  cr lain  ability  of  a  lent  and  configuration  dlfferenoea"  (1970).  Eichelnro 
began  with  tha  findinga  tram  previous  atudiea  that  perceptual  grouping  md 
vlaual  aaaroh  depend  for  their  aucoaaa  upon  tha  type  aa  wall  aa  tha  degree 
of  difference  between  the  target  and  the  background  (non-target  atlnull). 

In  a  earlea  of  axperiaenta ,  Eichelean  had  hla  aubjacta  daternina  whether  a 
target  waa  present  in  the  field  or  not.  Ha  exroined  ocablnatlora  of  time 
variableat  (1)  eooantrlclty  of  tha  figure  with  respect  to  the  fixation 
point«  (2)  uncertainty  of  where  a  figure  will  be  presented  in  the  visual 
field,  and  (3)  the  nuaber  of  nan-targ**t  figures  presented  in  the  flsld.  He 
interpret a a  hie  results  is  terse  of  Melaaer's  (1967)  distinction  between 
pro-attentive  and  focal-attentive  prooeesea.  When  the  position  of  a  target 
ia  not  known  and  cannot  be  detected  an  the  basis  of  gross  brightness  dif¬ 
ferences  (when  background  figures  are  present  in  tha  display)  pre-atter^ive 
prtoNMi  are  used  to  identify  the  figure  presented.  Thess  prooeesea  are 
*********  ••“•itive  to  aiwple  kinds  of  differences  regardless  of  the  degree 
of  differs noe.  a.g.,  slant,  brightness,  notion,  ate. 

Eiohslnan  oenplated  hla  Heater's  Thesis  "letters  as  unite  ef  prooeealng 
U  *  ,**k"  <»••>  -  a.  th.  p*.,  o„  .tlmilu.  mi 

repstitien  (1970)  under  Fenner's  supervision.  The  Masters  Thssla  la  ooe  of 
the  few  denonatrations  that  fanillarity  can  enhance  ths  early  stages  ef  pro- 
eessing  oon earned  with  physical  characteristics  instead  of  just  the  later  itwis 
concerned  with  nonory  oontaot.  Is  the  atudy  on  st inulus  and  response  rapetl- 
tlcn,  Eiohslnan  shewed  how  the  repetition  affect  was  nore  a  natter  of  atinulus 
repetition  at  very  short  response -atinulus  intervals  but  becnao  nors  alaSttsr 
°*  r**^?°**  **P*tition  at  longer  intervals.  He  also  developed  a  nodal  to  mists 
the  work  on  watching  of  letters  with  that  of  repetition  effects  in  serial  and 
discrete  reaction  tine  tasks. 

ROBERT  r.  FAOOT 

Fagot  and  his  students  contributed  to  the  overall  goals  of  the  project 
by  developing  nsasursaent  and  foreal  node  Is  to  provide  us  with  both  the  language 
and  axianstic  tests  for  dealing  none  precisely  with  the  ooding  ays  tens  we  have 
been  isolating,  [hiring  the  suamrs,  Professor  Ernie  Adam  of  the  philosophy 
dspartnent  at  the  lk»i  varsity  of  California,  Berkeley,  has  joined  our  project 
to  collaborate  with  Fagot  on  the  axioaatio  fornulaticn  of  these  nods  la  (Adros 
and  Fagot,  1970;  Adana,  1972). 

Both  Fagot's  experinontel  and  theoretical  work  feeds  into  our  generol 
work  on  coding  ays  tens  in  a  variety  of  ways.  He  and  Adnss  have  enphselsed 
those  Parana  tars  of  node  la  which  have  a  psychological  interpretation.  One  type 
of  Farroeter  often  can  be  interpreted  as  a  "response  bias"  (F«ot  rod  Stewart, 
1970).  Fagot  and  his  collaborators  have  shows  that,  onoe  such  "bias"  is 
ns  enured  and  rawed,  rather  exacting  tests  oro  be  node  between  alternative 


15. 


iiod«l*.  With  such  oorrectiooe ,  md;  subjects  who  ct  quit*  consistent  eo 
trm  «»ho  violate  assumptions  because  of  irre¬ 

parable  Inconsistency.  RjmDi  fop  on* ,  boa  bo  an  abla  to  use  auch  oorractlono 

•ubJ*ct*  ln  ttUiniat  psychological  spaces 
within  which  judgments  of  similarity  arc  node. 

*•§<*  haa  ahown  that  interval  models  baaod  on  an  additive  law  canoroto 
that  *or*  reasonable  and  Internally  oona  latent  with  axioms  of 

J°Jr?tio  ■od#1?  b4^d  00  P«*»ot  law*  (Fagot  and  Stewart, 
1M9).  This  haa  had  important  implications  on  other  work  on  the  project  when 
investigator  would  like  subjective  jodpianta  of  the  magnitude  of  the 
stimulus  elements  within  a  ayetam.  It  turns  oat  that  wo  are  more  likely  to 

Jf"  by  aaklag  them  to  report  directly  on 

00  il¥*n  >-«ait'1<u  *00108  rather  than  on  positions 
individual  etlaull  on  theae  urn  aoalea  (the  typical  mwnltude  setSatioiT 
taek).  Thla  raoult  la  far  from  Intuitively  obvious,  yet  It  already  haa  re- 
oulted  In  much  Improved  data  ln  our  judgnant  work. 

thl  J**  *•““  of  Fagot  waa  working  upon  am  opera- 

tlonal  theory  of  Interval  met«uree:_ t  which  would  permit  reopanae  bine  pare- 
aatera.  At  the  aama  time  he  waa  working  on  the  axiomatic  atruoture  of  nweri- 
oal  response  metboda  (auoh  aa  8.  8.  Stevona  magnitude  and  ratio'  math  ode,  aa 
wall  aa  comparable  mathoda  utiliaing  only  Interval  Information).  Hie  work 
oontlnuad  at  the  empirical  level  to  toot  theca  mode  la. 


_ **P*rvlelon,  Menard  Stewart  (now  at  the  University  of 

•J**^1**1*  Illinois)  aoaplated  hie  doctoral  dissertation  am  "Memory  mad  absolute 

raaulta  ouppart  the  Idea  that  s*jmets  judge  a  stimulus 
on  the  basls  of  a  temporary  store  whlah  laalmdoa  the  praoodlag  few  stimulus 

«*•  «**t  half  of  his  experiment. 

With  subjects  who  wars  wall  preetlood  la  the  altuatlam.  the  medal  no  longer 
Oaa  possibility  la  that  with  mnh  practice,  the  sthjaot  aan  aonatmet 
•  long-term  aeding  ayatam  within  whlah  to  laaata  a  stimulus  aid 

mead  aa  longer  depend  upon  hie  store  of  imnodlately  preceding  etimulus  traoea. 

In  addition  to  oalloboratlng  with  Fagot  on  several  studies,  Stewart  made 
waluebie  contributions  to  the  development  of  our  automated  laboratory.  One 
of  3>ese  contributions  waa  the  development  of  a  FDF-9  plotting  padtMo  whloh 
enablao  an  experimenter  to  rotate  figures  on  the  Cathode  tuba.  Thla  package 
haa  bean  put  to  wee  la  several  studies  ln  the  oognitlve  area. 


. .  i.  B?th  <i*n>  *•  *****  (1971)  completed  Masters  Theses 
which.  In  different  ways,  added  additional  tests  and  information  for  evaluating 
the  paychophyaloal  medals  being  developed  by  F^ot. 


RAT  HY1IMI 


.  *«»»  «  »">!«*•  th.t  teUbrnttly 

to  oosmlne  the  oodlag  systems  Implied  la  the  perceptual  axperlmanta  of. 

,  Attneave,  andtheae  Implied  ln  the  matching  «d  parfnrmme  experiments 


say,  Towner.  Hymn's  project  on  pattern  rsaopiltlon,  for  owl 
'**i  vlth  perfosmasao  la  a  task  la  terms  that  anpley  Faomar's  asm 
■batract  Idea  or  sehema  and  Attneave' a  ecnoept  of  aa  latexmallasd 
fkumswcrK.  Femser  and  Keels  (Posner  and  Keels,  1970; 
a  olaselflaoticn  task  ln  whloh  the  subject  had  to  lear 
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•  snail  Mt  of  iiwpliw  belonged  to.  In  theory,  they  oould  loan  the 
appropriate  category  for  each  axanplar  by  rota,  or  tboy  oould  abstract  out 
a  single  a  ah—  or  aurrofata  from  tha  iwfliri  that  balcug  to  tha  a—  cata- 
1*7  ®d  snploy  thla  single  aurrogata  aa  thalr  baaia  for  judging  futura  pat* 
tama.  Tha  experiments  of  Posner  and  Koala  auppertad  tha  sdb—  nodal.  Tha 
aohaaa  aodal.  la  turn.  lapllaa  a  oodlag  or  rapraaantatlonal  ayataa  that  has 
oartlaad  digital  and  analog  propartlaa.  Tha  aubjaat  prasunably  oonstrueta 
«d  storaa  a  aaall  sat  of  discrete,  qualitatively  different  surregstas  to 
st«d  for  saeh  oatagory.  Whan  tha  subjeot  is  proa  an  tad  with  a  new  pattarn 
to  put  la  to  ana  of  tha  gluon  categories,  ha  ooaparM  tha  now  pattarn  with 
oach  of  hla  storsd  ourrogataa  md  cl— If  laa  tha  pattern  aooordlag  to  Its 
similarity  to  aaob  of  tha  ourrogataa .  Tha  elaaalfloatloaa  Into  catagorlaa 
laply  a  digital  ayataa  that  aorta  objacts  into  dlsorata  typaa.  Tha  baaia  for 
da  elding  If  a  gluon  pattarn  la  sufflelaatly  similar  to  a  oatagory  ochama. 
however,  lapllaa  an  analog  ayataa  that  aualuatso  dlstaaoa  la  a  continuous 
apitaa. 


Tha  oodlag  a  aha—  that  uadarly  tha  work  of  Attaeaum  aid  tha  aarllar 
work  by  Hyman  and  Wall  an  similarity  judgmanta.  arm  oomplataly  analog  In 
oatura.  Thoy  laply  a  continuous  apaaa  with  la  which  axanplara,  ourrogataa— if 
any,  aad  raw  paths  ins  ara  oooaldarad  aa  points  whoso  location  la  spaolfiad  by 
ualues  on  a  oat  of  ooordloataa  which  dafinaa  tha  ap— . 


Hynan  dauiaad  a  pattarn  rasognltlen  task  that  would  sortie  hla  to  sinul- 
tanaoualy  consider  tha  oohana-typa  and  tha  spatial  typo  oodlag  ayatans .  Tha 
axanplara  and  toot  pattorns  for  any  —  subjaot  wars  always  ayatanatlo  varia- 
if1®*  *■*■“*-**  pattarn.  Tha  aaanplars  and  toot  pattarns  dif- 

^  haifht  and  width  (affiaa  tranafornationo).  Tha 
aubjaota  wars  aausr  told  tha  baaia  for  tha  uariati—  — ng  potto—  md, 

***  *"*  tha  dl— alonal  baaia  along  whioh  tha 

potto—  diffsrad  aithor  throughout  tha  axparinaut  or  at  1— t  daring  tha  ac¬ 
quisition  stags.  In  all  tha  axpsr Insets  a  olaple  rule  dlffa— tiatad  patterns 

»®  categories— potto—  belong  lag  to  oatagory  "A"  w 
hlghar  than  wida  and  patta—  belonging  to  oatagory  wars  widar  thin  high. 

Snijeets  laa— d  to  el— lfy  patta—  aa  A  or  B  aa  tha  baaia  of  a  axanplara 

•  ??!7pUr*  ***  ®«tsgory.  Than  thay  won  taatad.  without 
—*aok,  for  thalr  ability  to  el— lfy  21  patta—.  Including  the  original 
axanplara.  Tha  dependant  variable  —  tha  spaed  aa  wall  as  tha 
the  classification. 


Th—  baste  nodals  wars  dauiaad  to  explain  tha  classifications.  Two 
nodola  belong  to  tha  stiaulus -generalisation  fanlly.  Thaos  two  nodals  enui- 
airn  that  aubjaota  handle  —  patta—  by  oonparlng  than  with  atorad  rap— an- 
tatlona.  Tha  Auaragad  Dlatanoa  Nodal  —  mm  that  a  aid>ject  daualopa  a 

rapraaantatlon  for  eaoh  aaonplar.  Each  tost  pattarn  is  than  compared 
with  all  the  stored  rapraaantatlona  for  each  oatagory.  The  test  pattern  la 
ol— ifiad  Into  that  oatagory  f—  which  Its  auaragad  dlffaranoo  froo  all  tha 
oxjaplaro  la  least.  Tha  Prototype  Nodal  aaa—  that  tha  aubjaat.  during 
learning,  o—truota  a  single  aurrogata  or  prototype  to  atm d  for  tha  aat  of 
axaapl—  belonging  to  a  oatagory.  Ha  than  classifies  a  teat  pattarn  la  to— 
of  whioh  of  tb— stored  prototypes  it  la  closer  to.  Bath  the  Auaragad 
Dir  t— a  and  tha  Prototype  Nodals  are  called  stimulus  a— aUaatian  nodals 
baca—  now  patta—  ara  judged  in  to—  of  ole——,  in  a  Euolldew  ap— . 
to  atorad  rap— an tatlene.  A  spatial  or  Dlstlaetluo  Paotu—  Nodal  aaa— a 


is1*  or  — .b.^. 

tl»»  Naturae)  and  than  damlaaa  a  ul.Bf~  e?“  bT_^i,crl*la*tetJ  (dlatlne- 
th8*o  dimensions  (e.g.,  c  lea. if!  -i?£?W?r  elJf,1,irlft*  Patterns  baaed  on 
"Ids  as  A's).  **  «H  Patterns  that  appear  taller  th« 

J-  **' ►r1”1®*  •*»«»  of 

ti^ory  mbs  that  thaaa  nodsls  "f5h  “hort**t  Istenciea.  Hy—i, 

**»d  4Wf.««tltsI^^nn.*2  5®“^  »>■».  ratba,/S- 

flrat  fa*  trial,  *«•■.  During  tta 

“»“*•  ran^atatlan  tL^t^j  w1!”  *"  *~*  -  t^ln.  to  atSr.  . 
*»paoUUr  la  condition,  .ham  S^)---*?ol>  ”M|>1*r'  *»  *  lutar  a  tag., 

&h\iri^rr^ 

“*  ba  accnouloally  oh«aet.rU.dh  term*  of™^,^^  **  P#tt8rn8 

conditions  that  «*»•  *»-exenplar 

Jocts  had  to  leant  to  classify  pattews^on**hD1K2*<0*  Mod81,  But  when  sub- 
c't«gory,  tha  Averegad  DiatwL^Sir!^  bMil  of  «-«xeopl.rs  par 
^■d«la.  Prasunebly  thin  was  baoausa  It  J°  on#  09  the  sther  two 

j«ct  to  atora  saparata  r>nrsssin.i  r __  _  T“  *?  lon**r  fh«*ibla  for  the  sub- 

£M t  pattern,  tha  Distinctive  feature  Nodsl*was  th!"bZf ‘f  i  ««ttiag 

■ubjacts  getting  another  patten  -  th*  b^t  flt‘ 

^•us.  of  the  ^riablUtTl^'^M^r3^.1  ^  «■*  fit. 
tlons  free  one  nodal  to  ZottS?  i^h  T  <XmM  »*  ******  ^a»si 

~bj*cts.  Also,  thara  1.  so ZdoZt  ZLf?LPUC**  wlthl»  the  data  of  .1^ 
Distinctive  Features  Modal  ^  ^P  “hose  best  fit  wss  thT 

22aSSS“ 

thriT^ifTt008  Pattern,  the  Prototype  Model  cilZi "f.*>*Mpl*r8  «*•  Creased. 

hott-  th.  £  sari)! th,t  cMditi®  «tlSTaXr^1th* 

prafaranoaa  for  patt2ros^ZhbSSJL"!^!!-?L  ewblnlng  aesthetic 

complexity.  Rogers  and  Hyean  (RomZ  ZTEiZ  "*  Judgeenta  of 

prallnlnary  experlnoots  W71)  h8Ti  oos*letvd  sons 

have  hssTstSSbSSZenLitiS  m*  th*lr  *•«•!  »alo*uee 

usual  Inverted  *'  shia^iirafsrenni^  ^combination.  They  have  found  the 
fer  the  •udltorypattarns^fZJ°?Kr^2f?,_r*lrtlni  P^^pwcs  to  ooaploxlty 
s  nonotonloally  increasing  filiation  T^8ua^  ®«kfns  produoa.  Instead* 

"otly  ralatlng  thi.  fladLT^fXihu'dWfSS^  JTP£^tT- 

visual  and  auditory  saoesnoas  ThTZ^vS,  8bw,t-t*r»  nonory  for 

«oo|  - ^"T^stiaefioaa.  Ths  svectual  goal  Is  to  usa  tha  relationships 

determining  the  ^preprints  J“  ,Both«,  of  operationally 

thay  classify  patens.  dsseriba  what  subjects  ars  doSTwban  * 

fsaslbls*lt  5jtJ*b?*Z  JZjTZi  UbZZlrJftISiw!^  »•  *"* 

-PPA7  our  isboratoiy  techniques  on  oodlng  systans  to 

not  reprooucible 
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studying  problems  of  reeding,  •specially  speed  reading.  Vs  have  employed 
mm  theory  from  trensf oreet ional  gramar  as  well  as  the  Matching  proce¬ 
dures  developed  during  this  ccotrect.  We  here  also  begun  to  dare lop  ways 
to  asasure  just  what  poor  and  good  readers  are  extracting  from  Material 
that  they  are  reading  wider  normal  and  under  speed-up  conditions.  So  far  our 
progress  has  not  been  great*  but  we  plan  to  continue.  We  feel  that  we  hare 
overcome  at  least  soms  of  the  big  hurdles  that  confront  anyone  who  tries  to 
rigorously  exaadne  oonprehenaion  and  reading  speed. 

Arnold  Well  (now  at  the  University  of  Massachusetts)  completed  under 
H yarn's  direction  his  doctor* 1  dissertation  on  "Ths  influence  of  irrelevant 
information  on  speeded  classification  t safes"  (Well,  1969  and  1971).  Several 
studies  have  shown  that  whan  irrs levant  information  is  addsd  to  stimuli,  it 
oen  affectively  be  gated— i.e.,  there  is  r.o  in  areas*  in  RT.  However,  in 
•one  oases  RT  increases  with  the  addition  of  irre level t  information.  Wall 
studied  situations  in  which  one  night  gat  inperfect  filtering. 

One  notion  has  been  that  dimensions  that  were  previously  relevant  for 
the  teak,  but  are  now  irrelevant,  will  interfere  with  RT  because  the  prev¬ 
iously  relevant  stimuli  call  fo «  competing  responses.  In  two  different  ex¬ 
periments  Well  found  no  evidence  at  all  for  the  notion  of  learned  competing 
responses.  Lade  of  perfect  filtering  in  his  situation  did  not  appear  to  de¬ 
pend  upon  whether  in  Irrelevant  dimension  had  been  previously  relevant  in 
the  sene  task. 

A  second  notion  has  been  that  irrelevant  dimensions  interfere  primarily 
whan  values  on  the  relavmt  dimension  are  hard  to  discriminate.  Support  for 
that  hypothesis  had  been  demonstrated,  for  example,  by  Morgan  end  Allulsl. 
Wax*  clearly  fcuod  evidence  that  the  addition  of  irrelevant  dimensions  inter¬ 
feres  primarily  when  the  values  of  the  relev«at  dimensions  are  hard  to  dl  • 
criminate.  Well  suggests  that  the  imperfect  gating  of  irrelevant  material 
may  ba  a  function  of  the  particular  attributes  that  are  relevant  and  irrel*  - 
vait  and  thsir  interrelationships.  Some  dimensions  that  can  ba  formally 
varied  independent  of  one  another  are  not  peroeptually  independent  and,  from 
a  pcyohologloal  viewpoint,  the  "irrelevant"  variations  may  not  be  truly  irre¬ 
levant  (for  example,  increasing  the  sine  of  targets  can  be  done  independently 
of  their  physical  brightness ,  but  not  of  their  apparent  brightness). 


Gaovge  Atwood  (now  at  ths  State  University  of  New  Jersey,  Rutgers)  com¬ 
pleted  under  Hymen's  supervision  hie  doctoral  dissertation  on  "Experimental 
studies  of  Mnemonic  Visualisation"  (Atwood,  1969  end  1971),  This  dissertation 
wee  awarded  honorable  mention  in  the  American  Institute  of  Research's  annual 
Creative  Talent  Awards.  Atwood  focussed  upon  a  series  of  questions  aimed  at 
gaining  information  about  the  nature  of  imagery  end  its  oper  tion  in  mnemonic 
systems.  The  key  question  wee,  "Does  the  manor io  image  involve  the  visual 
system  directly?"  In  approaching  this  teak,  ha  adapted  some  of  the  techniques 
and  findings  ef  bee  Brooke  et  McMaster's  University.  In  one  experiment, 

Atwood  wee  able  to  show  that  on  irrelevant  visual  perception  interferes  more 
with  verbal  learning  by  means  of  imagery  than  do«e  m  Irrelevant  auditory  per¬ 
ception.  In  c  ruola  seoor  \  experiment,  he  waa  able  -o  demonstrate  that  the 
relative  interfering  effect*,  of  thee*  perceptions  sere  reversed  in  a  verbal 
learning  task  which  did  sot  lev  _v»  visual  Imagery.  The  monocle  image  in 
apparently  a  process  oocuring  at  acme  level  of  the  vieuel  eye  tern.  On  the  basis 
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Th.  visual  systaa  fr°?  ?  ^^-uditapy  ay*... 

visual  imagination.  Tha  wb«i-iudl?Sr^  ,^t ion ’  aad 
auditory  imagination,  intarnal  varbal^nris.2*^^  ^  ^it0?y  P***0*?*10". 
can  be  m  efficiently  dlrlded  I!!***10"’  “d  ‘l***11-  Attention 

taken  by  it.. If.  b*tvMn  th»  *•»  •*«•«•  than  within  either  one 


xr>vy^»  Kars 

visual  instaad  of  aomantic^r  varbll  attJibuS!!.  ^  Pl#C*  ”  t6PM  °f  pupely 


t?f2d^  52SSJ*2TKU2SI  r^lntrctl"',of 

indicatad  that  .,,s .tn,,,  v_.  organisation  of  mamory.  Har  rasulta 
,  auDjacts  atora  both  aaaantic  and  visual  attribute  of  . 

hava  also  stored  viauITKfbpSf?^  iw.?°U,h  ,ub*w*uw,t  testa  ravaal  thay 
retrieve  It-  bath  In  -*«• 

3S?  5«4~- 

a  prcblJ *  !Ub?l,Ct  whlU  h«  «■  solving 

in^ti^d  n^SL  SLP^f  °f  *  80l?!lfl0  ptwid*d  th«t  th. 

tha  lsngth  of  tha  in  tarnation  period  Tha  halrt*^^?^®1"  ?f  V-rylng 
hoaavar,  was  an  intanaivTan^vil.  !f S  f*  rf  h*r  "Mertation, 
had  baan  altarad  during  tha  intarrunt <  In  t  of  th*  total  prooasa 

detailed  oodification^f  than^^Jf  I  .  ?*  hoP*  wa*  that  a  aufficiantly 
vhish  tha  lntarruption  produce*  it*  ■f«£Sfht  By8*T"t  th*  Particular  ways  in 
whether  th.  elKu^ftaS  °1“"  “  «• 

prooasa  ing  during  tha  IntamintiJT*  -  r*c°v»rjr  frcm  *•  tigua,  or  active 
that  the  Interruption  dSlT£fiS^L‘“ls™U  °J  th*  l»«ooolo  rev. .Ud 
th.  amount  ofb^^T£\£2LS?!  ■««  <*  »>*  «>•  .object  dee., 

nor  the  «««t  oTni2.„JSS,“^.t?;  "“b",of  «•»  1J«*  <*  Uiuotlon i, 
twer.ll  quality  ofTroblee  nraiaafe!  ln**rr“Ptlc"  1 «y  Prewnt  a  decline  In 
of  the  Into^fcn  a  »  th*  ~i»  quail tot lve  affect 

-sr.4  z 

?bT!r^^S.xSb^-^^"^ * -  53».to 

“  laportant,  but  pteyloual,  elualw.ISl^f  p^S^^ 

omlnfS.1*.^?"  “?fHiT  Sg.rgTd«  “L1"  -  «p.rl~nt.  to  da- 
nlona  can  teeult  ”<l*r,,tlfoh  l°<1»P«°'»«ht  variation.  In  dl— . 

abeoluta  Judment  taaka.  da  a  oorollary^thtwhlJn^udlf???!1"  ?!#“*  ' 
•«d.r  whloh  eubject.  treet  mcorte^^i^J^\^«^«~ 
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transmit  systematic  error).  To  fully  analyse  this  went*  requires  new 
theoretical  and  simulated  analyses  of  information  transmission  measures  to 
find  ways  of  removing  biases.  Corrigan  has  been  conducting  this  work  and 
SJelSSg  neTSIpufer  program,  for  checking  it  out.  Som  of  this  work 
may  eventuate  into  his  doctoral  dissertation.  Corrigan  has  also  made  soma 
contributions  to  our  automated  laboratory,  especially  in  developing  P*®***08 
for  better  communication  between  our  mated  PDP-15  and  PDP-9.  Seme  of  this 
latter  work  is  being  submitted  for  publication. 
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lltive  Processes 


.  lnclud»*  Barry  Anderson,  Richard  Hallar,  Douglas  Hintrman 

S^lLRHiCK*rBaU«I0n  SChaeff*r’  W4yD®  wlcJt«lgren,  and  our  Visiting 

BARRY  F,  ANDERSON 

*  !?**!“•  And#r,on  <*ho  i*  now  at  Portland  Stata  Uni  varsity)  was  a  co¬ 

investigator  on  our  project  only  during  ita  first  year,  he  did  not  complete 

IbrtrMtim  '“’m  th5*,h*  hJ?,wart*d  on  ooopon^ng  perceptual  with  conceptual 
h  H.1"11?udwt  *llliaB  L*  Johnson  (now  at  Whitworth  College), 

however,  compiete  hie  doctoral  dissertation  baaed  on  Anderson's  work 

if°bSek*aid6whi*  And#rB0°  had  “*d  “  hl*  otiaulua  material  a  string 
of  black  at*  white  squares.  He  felt  that  black  and  white  squares  would 

tend  to  fora  perceptual  units  so  that  runs  of  black  or  white  would  be 

tT!I!£  “  *Jn«le  olowonts .  Their  dati.  supported  this  hypo- 
thes^e,,  The  number  of  black  cells  within  a  sequence  of  black  cells  (all 
were  processed  in  parallel,  perhaps  by  some  kind  of  area  or 

P00*1!'  However,  the  separate  runs  of  black  cells 
appear  to  be  Marched  in  series— for  every  run  of  black  cells  there  is  an 
increment  in  time  to  match  the  two  stimuli. 

in  h5‘  docto^al  dissertation,  Johnson's  basic  idea  was  that  subjects 
WJUi?*tCh  T*  °f  C*n*  011  th*  b**1*  of  brightness  when  two  strings  are 

th*1p*^aptu*1  But,  as  a  time  interval 

s  Interposed  between  one  string  and  the  other,  he  expected  the  subject 

klnd  cod*  which  will  abstract  certain  aspects  of  the 
°f  th*  rVn“'  H*  PNdlotid  that  the  major  determinant  of  a 
different  reaction  time  with  simultaneous  presentation  would  be  the 
totai  nuabwot  blac* c*Ub  within  the  string  (i.e.,  brightness).  With 

h*,liypoth*slMd  that  th*  »«jor  determinant  of  the  RT  would  be  the 
distribution  of  runs,  since  subjects  would  be  unable  to  encode  into 

JbrfghtD°8 ’  Ba8ically»  hi«  findings.  With  some 
th*8#  •xP«ctati«»*  Tbe  resulting  model  suggests 
hat  both  brightness  and  run  information  are  coded  and  stored  separately. 
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RICHARD  W  HALLER 


.  I*  “ddl5ion  t0  havlng  th®  ma3°r  capons ibility  for  coordinating  cur 
ciutooatad  laboratory,  Haller  haa  collaborated  with  Reicher  on  studies  of 

*JI!TCh  *n,d  °?  8ight  raadinS  ln  nru*ic  (Reicher,  HaUer,  t  Aitken, 
1972).  This  work  will  be  described  below  under  Reicher 's  contribution. 

on  Mfchael  Hughes  completed  his  Masters  Thesis 

on  Some  grammatical  effects  in  immediate  recall  of  sentences'*  (19701 
Hughe,  fonnd  that  George  Miller's  prediction,  based  on  Chomsky's  trails- 

STT  _that  dalated  transformations  would  be  a  prominent  type 
°f  aant*aca?  waB  confirmed.  Nearly  80%  of  the  syntactic 
I™  atudy  were  of  this  type.  However,  the  model  proposed  by 

thLTiOU*  •rrOM  W0uld  be  indapandent  fails  to  account  for 
. Sentences  were  recalled  with  fewer  errors  than  Miller’s 
binomial  model  predicts.  Although  Hughes  rejects  Miller's  idea  that 

*<”B*Bb®red  independently  as  "footnotes,”  he  still 
inds  that  the  transformational  model  still  seems  to  be  the  most  promts ina 
candidate  for  explaining  his  findings.  P  8 
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DOUGLAS  L.  HXNTZMAN 

The  bulk  of  Hint  nun' ■  research  sine*  ho  joined  our  project  in  June, 
1969  has  dealt  with  the  poeaibility  that  during  memory  subject's  lay  down 
multiple  memory  traces  (Hintzman  i  Waters,  1969,  1970;  Hintzman,  1970; 
Hintsman  t  Block,  1970,  1971).  He  has  been  developing  an  approach  he 
calls  the  method  of  memory  judgments.  Based  upon  the  usual  measures  of 
accuracy  of  recall,  many  models  assume  that  frequency  of  exposure  can  be 
equated  with  strength  of  memory  trace.  Hint  man's  experiments  seem  to 
indicate  that  each  occurrence  of  a  given  stimulus  item  is  stored  as  a 
separate  trace— tagged  by  when  and  where  it  occurred— rather  than  ' 
stored  in  a  single  address  for  duplicates  of  this  item.  The  strong 
implication.-  of  these  findings  is  that  frequency  is  stared  as  a  separate 
attribute  and  does  not  add  to  the  so-called  • strength"  of  a  given  item 
in  memory. 
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GERALD  M.  REICHER 


s^fjgr  1*2— » -  «r*iti-  s? ^‘sas/si,' i 

,_raf;  1969  >•  Both  th«««  thewes  have  been  followed  up  by  Reicher  to 
investigate  the  role  of  highly  learned  wits  in  increasing  efficiency  of 

PTJk!II*ln5ia?dw1j  “king  — «nr  ■ore  efficient.  Much  of^hia  work  2  still 
either  unfiniahed  or  in  preparation.  The  study  of  aight  reads£in7! 

Wlth  ****  Haller,  t  Aitken.  1972)  £Tidi£t£  io 

study  coding  system  at  a  rather  high  level  of  learned  orilliMtioS  lnd 

«bilitJ*ofTSLPOlnt  °f  d#partur*  wa*  Adrian  deGroot's  findings  about  the 

suia^aftar  ***min«iy  «r«»P  the  coeplexities  of  a  cheae 

gaae  after  an  exposure  of  a  few  seconds— -an  exposure  tine  far  too _ _ 

reGroot*fo^Sh  t0  •Xp?rl*?c#d  but  **  *°  •ceonpliahed  chess  players. 

^.nLTr  J«llLthi8  *blllty  batw*«n  Krandoasters  and  sub- 
masters.  This  aaasing  difference  could  not  be  attributed  to  a  general 

difference  in  visual  Benory  because  it  disappeared  entirely  when  the 

^litioS  r“d°*ly  r*thtr  th“  in  «eord  with  the 

^7*!  -J^e  of  recurring °thenes*in  Sif^STc^ra1;^ 
cituation  in  terns  of  a  general  scheM  and  local  "corrections . "  * 

HaU«?  and  Reicher  saw  the  opportunity  to  studv  the 

S^wsfSK  astjris  S3Fx 

fffg*.’."***  «■  «*»  ^ 

It  V-  furthw  dMoc- 

n.12j2ri,4S2*  sst's^:  t*s°^r 

systee.  010001  *”•  °**trelt  infestation  processing 

Under  Reicher' s  direction,  Richard  A.  Block  consisted  hie  He,t^. 

Thesis  on  "The  effects  of  cues  to  forget  in 

rtirSiriS«1971) h°th  V^ouctlw  and  mSttoTahibi- 

differentially  tagT^o2\hTt£*I^rJ2Ibened 
and  to-be-fergottsn  notarial.  The  f indies  dearly  rejected  thTfirlt 
two  hypotheses  and  they  support  the  last  hypothesis  by  default  The 

lt'Ln’T^T-  eon,uS*ku  *Wfc*««tloo  art  •hwpwlx^fdr* 

t  can  serve  as  sonathing  ■ore  than  a  convenient  catch-all. 

li  lijffzsf, fj- «• 

Snyder  began  with  the  aaowptien  that  visual  processing  in  the  sernh 
P*r*dign,  can  be  divided  into  two  functional  stMesof  eeleetili^a 
iMgattoB.  ThU  dl«lnctloo  parallala  trtt  STbr  MKTISStSt.r, 
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subjects  had  to  identify  a  .inju  cueTlmS^fLS  “"Xlfyint”  it.  Hi 
presented  circular  array  of  twelve  letters  t*™*  *  *achl*toacopically 
<**  lovaralon)  was  known  in  mdnnct  ^  (uutlA*tion,  color, 

position  of  tba  cuad  latter  Ha  found  *****  to  r*«port  the  nana  . 

to  cuad  lt««  ware  *  ^  -SeET 

JJ" t°ot.  These  f inS^rnr^n^a^hT^^ntlL than  lmttM  whIch 
the  it  an  la  independently  fwatSat  it*!,.'  th#  ,ub3*ct*  process  where 


end 


▼islon  of  Michael  Posner  He  Is  studylnc  the  rol  ^T^  xmdter  th*  *UP«'~ 

as  contrasted  with  the  vivid™  I5\  1  of  controlability  °* 

In  his  initial  experiments  he  found  *hm+  « « i*«*«**y ,  in  problen  solving  , 
to  Mentally  rotate  Roger  Shepard's  fiBu^*0?1*1*111*1  dl,f*r*DC««  in  ability 
•olvs  certain  type.^f^uSTwhLh^;  ?°rr*lat*  «ith  ability  to 

.i«~i  .p.c.  iTu  *•  '»«•  «w 

"ill  eoon  be  finished  thea#  •"P«ri»ents  which,  we 


BEHSOJI  SCHAEFFER 
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isasTL:  sets  - 

punicuiap  „«W(  « ,h?  *•«•  »<■ « 

J«)r  <W  to  -TOO.  -doloy" ^  t.  f*  *•  S 

J~r  p.lT  hu  nothor  b.«l.of  :°  ^•?.,Mri-  P~«~ly  fcocuM  th. 

?TEic  L*1  *f°  mkm  SHSJ  TJJir-” 

In*  tho  nbjoet'o  judgL-i?  th*  *“k  u  lafturae- 

^&S3rJ2XZ  2rP\£?52  SSiSE*-*" 

a*X»7.r Sr  5  ?SM!t&s,,au 

t.  ^~72LT?jc.i£  *•  PM»S«iffi^£S» 

**»•?  th.*  to.  i.  d«TI«Sir}c  !^r  r° '.Vr^«<»«-)-  schMff^. 
thaa  Information  procaaalng  strata**  haeati«^*2?Ci*uiT*gPr,oc*M**  rath*r 
*■*  -M«h  praaunabiy  linlta  |ln'  tb* 

tha  af fact  la  not  raducad .  tnhuffn  <■  __,  B*B**,*ta  catag arias 

«-»  .f  .  SSy  IKfSE  *  !“•  «*  -ith  ,h.  • 

Pww^aaaa,  and  oooprahanaloo.  «l«nlaatloo  of  *saery,  rctrlaaal 


Thaaia  on  "f-I  oo^atlbllltvf^iH^f^*^  J;  °°*Platad  hla  Haatara 

«r  right  Xwa.tf«.  **»  P»«1  to  th.1,  l.ft 

<»■  th.  Uft  «r  right,  or  A  ««W  0CC1» 

parfarnail  with  thalr  handauncroaaid~  ",f  ix*^ie*  P0^.  Tha  aubjacta 
found  to  bold  batwaao  thonoTlai^  J°*P«U>lUty  af  facta 

jri  ««  «  th.  ' U’'- '•*2?  «*»  » right) 

Thu*»  ***•  offaota  did  Trt  dor JS,n«Wn **  T*  ?***  ow*  oroaaad. 

•  P*«lerijr  m*  oriprt.  muJ!  •  .tlMla.  mi 

both  th.  attain  mi  5,  --?tri?!|^P^*1**J  *■*«»•  pMltlm.  of 

—  r-po-lbu  for  th.  aiff««rr.^iMinr^'^*  *“  tM* 
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WAYNE  A.  VXCKELGREM 

Si dc«  he  joined  oin*  project  In  August,  1969,  ttlckelgren  has  coocen- 
tr»t*d  upon  developing  *  aathemstlcal  theory  of  consolidation  in  lcog- 
t«r*  stsory ,  K*  hss  found  support  for  the  thsory  in  his  own  experinsnts 
ss  wsll  ss  previous  findings  in  saperinsntal  psychology,  nourology,  snd 
physiological  psychology.  Ths  thsory  states  thst  ths  period  of  active 
study  establishes  a  short-tern  nonary  trace  and  a  separate  independent 
lor*  torn  trace*  Ths  short -ter*  tree*  is  consolidated  lausdiatsly  or 
alnost  ianed lately,  so  it  is  available  for  esdiatiag  recall  or  recognition 
within  tenths  of  a  ssoood  or  a  second  or  tvo  at  east  after  the  study  period. 
The  active  study  period  establishes  a  potential  long- tar*  *r»cc-y  trees,  but 
this  potential  trees  cannot  contribute  tw  recall  or  recognition  until  it  is 
consolidated  into  a  retrievable  trace.  Consolidation  of  long-tar*  nancry 
begins  to  produce  e  retrievable  trees  at  about  10  seconds  after  ths  end  of 
the  atudy  period  and  is  eeeentielly  at  eeaynptote  by  around  30  ssconde, 
Wlckalgren  now  believes  that  he  has  date  to  indicate  that  tbs  single  retention 
function  can  be  used  to  describe  the  retention  for  all  delays  fro*  s 
minute  to  two  years. 


henry  K.  HTt.rrp 
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~T  ZrZ  fy?-U°1rrlty  °f  *Z  »•*■.  .u 

M.  .tv  ,1th  u.,  °»  P~Jvtri„r^ 

5«tl>.  *.i.Mr  visual  lurch  pmdlu^uTfk!1’*  *Ppro*ch  “4  eoae.pt. 

Of  Posner's  matching  pared lr»  TvriSL?ith  th  oooc#Pt*  and  methodoloey 
1970)  tested  NalaaS'rtlo-f^.^f^  «»pl*  of  this  approach  (BelSr 
Evidence  of  parallal  nror..«?5  roco*nitlon  in  tha  notching  * 
wh€r*  ■objects  oould  raapond  same  aa  aui^fi W*f  °k*nined  in  *n  experiment 
••  to  too  identical  letters.  HCt  t0  #i*ht  id*Dtic«l  latter* 

obtained  la  another  experiment  1***5 *ubB«l'»»nt  aerial  stage 
Wca«o  and  lorercase  V**"*  Mtch^  latter.  of 

^®JMad.  Bailer  did  find  ao!a^S^j5  i?  *”  diff,rin«  In  caae  was 
model  vhioh  be  resolved  by  a^JHinTthT? **—  Closer* a 
to  segment  etimmll.  ^  that  **»  flr»t  stage  of  processing 

lt7i?1<P  *!  clarlfy"?^5^1^  adrMc**infoir«ji*iC*'*ii  “  chrooo**trlc 

•mdL  "<p*  abowi>  •dean^^Trf0!  (Ballor» 

matched.  This  advance  information  .  .  *  P*1*  of  letters  to  be 

,Jr «• 

?°4»  «t<*ta«  usu  J2J,£T  *"“h*Tv  ■««  °ni" 

212s  52KS  sms.  .Ttssr- 


3.3.  Hump  Parf 


Scholar,  Carlo  Umllta?*  IC**1*»  Hichael  I.  Poener  and  our  Visiting 

STEVEN  V  KEELE 

:“"r  T  tftion,  hcaan 

akUla,  rapatition7  effects  ’autT^ti™  BOVW9#nt  control,  not  or 

atraaa—ell  ara  gsnaratad  by  tha  single  carnal?  nocop^tlon,  environmental 
■toe*  la  largaly  a  aattar  of  aan » l  . th*“*  that  huBan  P«rfor- 

ratrwHS  io^Ton^rT  T7  •t°ra«*-  —T 

•nd  rafinlng  •  tbeory-cloaaly  butt^.iS  £dJ??-P  have  b#en  •Hborating 
•xperiaantal  raaulta  by  thlioilraa^h!^  bJ. J!l!L1*rg*  *CCUBUl*tion  of 

s  s&SaSr* 

_jsk 

r»u  s* >"»•«•  im**™*. 

■mot  control  In  skilled  I!*  flr,t  **■  th*  r®v1®"  nrtleln  on 

article,  KMlT.«hSl.d  ftn^P,T":M  (KMl*>  mm>-  I»  that 

ssrgffltf  5^5*5- 

that  asHa  artlola  Keel*  »<„».  «..*  v  ■*x*ratlons  In  the  movement.  In 
to  understanding  o/paroaStJaTaSd  J2L!h!|r!!y^  of  mov*»*nts  is  relevant 
The  aaoond  wortc  la  a  *771717  as  Wel1  "  rutor  **1111. 

la  Juat  coagHetln*.  thTth^Th!!!?  h““n  P*rforwanca  which  Keele 

—  -ov~n?  KaaU  pr^il  ? °f  8tCreg°*  "**•"*. 
-SLUKSJSt "SHabad  *■**  the parEd  *  Kot*  that 

t>. £ 2T2*L~~  tor*.  *™ *m~»4 ~ 

MS  SZ :££.«£ 

Scholar,  Carol  Ukllta,  «•&« 

d^laioo  0UtPMt  ^  OO 

stimuli  marmaaJ  of  — i. _ *U  i?r*. ********  **Pia  dooiaion  maklM  about 

£££:  “T"**-  —  •ti~iTS££uIf 

tfnt  for  ■  find  **>«.“  J"  0"V*P»1««.  lx  drococtrorod 

“trirK  jyrggsiwjK  rssr 

WrasHSS5^5^  «&- 

•*»■•»•  noopooooo  ooro^nod.  !!*>!!*?■?.•  ntlanlo.  than  .boa 

•upP°Pt>  tha  thaory  that  attentiomai°i777777f  *  *  ^  *******  noault 
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«.<  Jn  hl!  *°!t  r*C*Dt  #tudy  (K#al*.  1872)  ha  focussed  upon  the  atten- 
tior  «aaaao*  of  wsaory  retrieval.  To  determine  whether  the  retrieval 
stage  deaande  attention,  two  source,  of  information,  fora  and  iolor  were 
simultaneously  presented  Only  color  was  relevant  to  the  kS-w««inT 

«»  ^  -P*n.<i  -  word  ^euch  as*GLASS*"no* 

interference  with  processing  the  relevant  color  was  found.  Yet  it  was 

^  th^w^taI^i^rr*1*VaSt  i"5oraation  had  contacted  memory  oecauae 
^  ”  th  *'ord  ■**n,in«  was  changed,  such  as  to  GREEK,  the  time  to  respond 

TO  i^ffl^itiMf.i2Lin?r9“®d‘  A  diacrl*inati°n  of  meaning  must  depart 
aean^fTTn  rf?  I*?**1  in  *e*ory’  Th*  •vid«nce  aupperta  the  view  that 
*V  non~*ttentive  process;  more  than  one  source  of 
inforaation  can  contact  aeetory  at  a  time. 


Keele^rTuoervl^irtn *  T  I**  ^r****1^  °*  Calgary)  completed  under 
Reeie  .supervision  his  doctoral  dissertation  on  "Attentional  reouire- 

S  h*  *».  attantlLa  dmand.  P 

or  the  decision  preceding  the  aoveaent,  the  movement  itself,  and  the 

hi  di^oi^i*^iyd*ft*r|hittini<th#  t*r**t-  Durln«  th«  decision 
hvihl  thVd,lay  ln  p**cting  to  the  probe  is  affected  only 

of  ttj  ££En?  lJmS"*^  *v*1Ubl*  «*"<**  th.  dlfflcjlty 

cultv  has  no  tha  has  begun,  the  decision  diffi- 

srs&j*  p”u  d'i,y  *•  *»«— *  «»»  * 

.  cJ^T  ?OO'0r^  dl«**nt.tloo  undm  Koala's  sujar»i»lon  ms  cooolstsd 
by^r.ld,J;  Lmb.  (m.  .«  th.Uolvm.lty  of  York)  STVm  'ttJTEZXL 

.  m.-TT*  v  l*mhs  .tsrtod  with  th.  obsmvation  that  daaolt. 

"■»-  °ytodlm  oo  short-tars  sm»ry  .„d  Z 

int  r  “lth  oontpadlctcay  raaulta,  Ha  folt  that 

-o  ~ki^htinr~™*"  k*1S*  **"“  t0  th,t  aubjacta  actually  us. 

•  ST”*”  "•  eh0“  t0  *»»«  upon  two  of  thu  aost  uro- 

«ISoT^HU  2^}**  °,.*0t0r  ■»»— "t  location  .nd  uova££ 

SrSrS* 

.  —.1 ^^.2Snr^"h«  ASST rvroiuotlon-  L**b' 

on  •“PafYlaloo  hi.  Kutn  Tbmls 

«**  ahstrection  la  thr  recognition  of  die- 
SSStHJS^  JV9  h  9ngU  lB"***1*«t*d  the  effects  ef  ipbenaeagal 

****•  °“  diff*p*ot  Of  prooeesing  during 

*  ****  •<M«  *  constant  to 

tim^  for  rtoi-  «ithsr  the  physioal  or  nose  coda 

roSS'dilS?  ■J«*J*t*  that  tha  visual  operation  which  ooapenaatea  for 

id^Sei1I^1|I!!*tiS!‘A1*w!  •Ui*  ¥hlch  fp#M*dl  ait  bar  visual  or  nano 

•ntl^ly  free  frea  the 


liThile^Td  fw*  disoriented  letters 

actively  i?\,,lpf *•  *“«•  •  rotated  latter  mey  bs 

aaatall!  7^  cooauoio*  caspensato?;'  operation  ^ 

th*  im**  10  it#  orieatatieo  and  then  extract- 

lUitt  ^••ciUBi0°  Aa  P«*t,  haa  been  independently  verifiod  in  a 
tr iking  aannwr  by  Roger  Shepard  at  Stanford).  Another  basis  is  that 
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son*  characters  possess  discriminabie  rotation-free  features  which  permit 
direct  identification  without  going  through  the  mental  manipulation  or 
preprocessing  (this  latter  basis  could  represent  the  effects  of  familiarity). 

Jock  Schwank  (now  at  the  Air  Force  Academy)  whose  Master’s  Thesis  on 
"Design  parameters  for  Oregon  ballots"  (1971)  was  also  completed  under 
Keels 1 s  supervision,  undertook  to  apply  principles  of  human  performance 
to  the  task  of  designing  a  more  efficient  format  for  election  ballots  in 
Oregon  primary  elections.  His  experimental  analysis  came  up  with  several 
specific  suggestions  for  redesigning  the  ballot.  Schwank  also  carried 
i0*®  Keels" a  interests  in  studying  various  forms  of  stress  upon  work 

performance  into  an  experiment  on  the  effect  of  the  menstrual  cycle  on 
performance  of  various  laboratory  tasks.  He  was  able  to  find  no  signi¬ 
ficant  performance  decrements  due  to  menstrual  cycle  for  card  sorting, 
time  estimation,  or  a  30-minute,  highly  compatible,  key  pressing  task. 


MICHAEL  I„  POSNER 
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naming  processes  sequential  or  parallel?  The  answer  seems  to  be  that 
they  operate  in  parallel  but  with  different  tine  courses.  4)  Can  subjects 
generate  a  visual  image  from  a  symbolic  or  verbal  descriptor?  When  the 
early  work  by  Posner  and  his  students  under  this  contract  was  undertaken, 
moat  experimental  psychologists  were  dubious.  But  now,  as  Posner  and  his 
colleagues  have  demonstrated  (Cf.,  Posner  et  al. ,  1969),  the  ability  to 
generate  visual  images  is  considered  to  be  another  hard-nosed  fact  that 
can  be  documented  by  laboratory  methods.  5)  Do  logioal  superordinates 
require  that  the  subject  first  retrieve  the  name  of  the  object?  For 
example,  in  classifying  a  given  letter  as  a  voweel  or  a  consonant  does 
the  subject  first  have  to  identify  its  name?  The  answer,  as  Posner  has 
shown  (Posner,  1970),  seems  to  be  that  subjects  do  first  identify  the 
name  of  the  letter  before  they  classify  it  as  a  vowel  or  a  consonant 
(this  does  not  necessarily  mean  that  they  "must"  so  identify  it).  On  the 
other  hand,  the  evidence  is  just  as  clear  that  they  do  not  have  to  iden¬ 
tify  a  stimulus  by  its  name  in  order  to  classify  it  as  a  letter  or  a 
number.  The  next  question  is  whether  the  cases  in  which  subjects  appar¬ 
ently  do  go  through  an  intermediate  stage  is  obligatory  or  can  be 
eliminated. 

The  big  question  is  where  does  consciousness  enter  the  picture  in 
this  series  of  stages  of  processing?  Posner  has  developed  operational 
means  for  indexing  consciousness  within  this  experimental  paradigms. 

One  may,  of  course,  object  to  Posner's  particular  definition  of  conscious¬ 
ness,  but  there  is  no  question  that  what  he  calls  by  that  name  is  being 
dealt  with  in  objective  terms.  In  fact,  consciousness  as  a  construct  has 
entered  these  experiments  via  two  separate  connotations:  that  of  "inten¬ 
tion"  and  that  of  central  processing  capacity.  The  first  connotation  is 
baaed  upon  the  question  of  whether  subjscts  are  obligated  to  employ  a 
certain  stage  or  is  it  optional  during  a  more  complex  operation.  The 
second  connotation  leads  to  the  experimental  treatment  as  "unconscious" 
those  processes  which  can  operate  without  u.iy  demonstrable  interference 
with  a  task  that  is  known  to  occupy  the  central  processor  (Cf.,  e.g., 
the  paper  by  Posner  and  Keels,  Time  and  spaoe  as  measures  of  mental 
operations,  1070).  Within  this  context,  one  question  has  been:  How 
complex  an  operation  can  be  carried  out  without  the  involvement  of 
consciousness?  This  involves  the  issus  of  the  extent  to  whieh  complex 
skills  can  be  executed  without  interfering  with  other  tasks  that  obviously 
use  conscious  attention.  A  second  question  is  *  what  level  can  conscious¬ 
ness  be  inserted  into  a  complex  operation.  To  what  extent,  that  is,  can 
an  individual  redirect  his  conscious,  attentiooal  resources  to  various 
stages  of  the  processing? 

In  addition  to  having  studied  the  preceding  questions  with  ths  probe 
techniques,  matching  paradigms  and  other  experimental  arrangements  that 
he  developed  during  this  contract,  Posner  has  been  perfecting  and  apply¬ 
ing  the  methodology  for  indexing  the  physio  logioal  substrata  of  oonponent 
processes  by  means  of  EEC's,  especially  the  evoked  potential.  For  this 
purpose,  under  the  contract,  we  have  built  analog-to-digital  converters 
and  have  incorporated  the  physiological  recording  and  analysis  as  another 
component  of  our  automated  laboratory.  Results  of  experiments  carried 
out  with  this  new  set  up  indicate,  for  example,  that  visual  prooessing 
of  a  stimulus  object  oan  occur  without  "oonsciousnees",  but  that  the 
decision  to  perform  a  specific  act  in  response  to  the  stimulus  apparently 
does  involve  consciousness. 
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which  mediates  thia  activity  fatigues,  or  bacausa  e  lapsa  of  attention 
laada  to  a  loaa  of  tha  visual  reprasantation  frou  a  readily  accaaaibla 
store.  Boies  followed  up  on  thaaa  findings  in  his  doctoral  dissertation. 
Ha  attempted  to  axarnina  the  memory  codas  which  are  used  whan  tha  subject 
is  asked  to  classify  two  letters  as  being  tha  sane  or  different.  His 
first  two  experiments  explored  the  subject's  ability  to  generate  a  visual 
representation  of  a  stimulus  from  the  name  of  the  stimulus.  The  third 
experiment  investigated  the  similarity  between  the  search  characteriatics 
of  generated  visual  information  and  information  which  ia  abstracted  from 
a  visually  presented  stimulus.  The  fourth  experiment  explored  the  role 
of  practice  in  the  matching  task.  The  final  two  experiments  examined  the 
role  of  processing  capacity  in  the  process  of  generation.  In  brief,,  Boies' 
overall  findings  are  taken  to  support  the  generation  hypot heals.  When 
two  letters  are  to  be  matched ,  the  longer  the  interval  between  the  onset 
of  the  first  letter  and  that  of  the  second,  the  less  the  relative  advan¬ 
tage  of  a  match  based  on  physical  identity  as  opposed  to  name  identity. 

The  original  interpretation  of  this  result  was  that  the  memory  trace  for 
the  physical  code  fades  and  tha  subsequent  match  has  to  depend  upon  the 
name  code.  Boies  found,  however,  that  this  loss  of  advantage  for  the 
physical  match  also  occurred  if  the  first  letter  remained  visible  during 
ths  entire  interval  prior  to  onset  of  the  second  letter.  Boies  uses  his 
experiments  to  argue  that  what  actually  happens  during  the  interval  is 
that  the  subject  generates  the  opposite  case  of  that  in  which  the  first 
letter  has  been  shown.  He  then  makes  a  physical  match  when  the  second 
letter  occurs,  but  one  in  which  he  now  has  two  stared  representations  with 
which  to  compare  it.  Hence,  the  resulting  increment  in  time  to  make  a 
physical  match  is  not  because  the  subject  has  switched  to  a  name  code, 
but  because  he  has  had  time  to  generate  more  than  one  physical  code. 

Boies  was  very  instrumental  in  helping  us  to  develop  the  Automated 
Laboratory  during  our  first  two  years  with  it. 

Under  Posner's  supervision,  Carol  Conrad  completed  her  Masters  Thesis 
on  "An  analysis  of  a  hierarchical  model  of  semantic  memory  organisation" 
(1971),  Conrad  investigated  the  boundary  conditions  of  the  theory  of  seman¬ 
tic  memory  organisation  proposed  by  C^llino  and  Qui Ilian.  Their  theory 
suggests  that  semantic  memory  is  organise'  into  a  network  of  inclusive, 
ordered  hierarchies  whioh  faclude  superordinate  or  category  names  and  pro¬ 
perties  which  uniquely  define  these  categories.  The  theory  also  implies 
that  this  organisation  is  based  on  cognitive  economy— no  property  may 
appear  more  than  once  in  the  system.  Her  first  experiment  suggests  that 
the  positive  results  obtained  by  Collins  and  Qui  Ilian  in  support  of  their 
theory  may  have  resulted  from  a  failure  to  control  for  the  frequency  with 
which  a  property  ia  assigned  to  its  presumed  category  in  memory.  Her 
findings  suggest  that  properties  may  be  stored  in  memory  with  every  cate¬ 
gory  with  which  they  are  highly  associated.  When  these  findings  are 
combined  with  those  from  her  second  experiment  they  suggest  that  the 
notion  of  cognitive  eoonomy  does  not  accurately  describe  the  organisation 
of  semantic  memory;  they  do  suggeet  that  words  in  memory  are  directly 
defined  by  all  properties  which  have  been  highly  associated  with  theme 
words  in  the  past.  During  tha  laat  year  of  tha  contract,  Coormd  began 
work  on  her  doctoral  dissertation  whioh  will  investigate  wajmof  dis¬ 
ambiguating  aentances. 
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EIsIm  Turnbull  completed  under  Posner' a  direction  her  Hatters  Thesis 
on  "Visual  and  mm  procasaaa  in  a  visual  search task"  (1*71).  Ttrnbull  wanted 
to  aaa  If  the  often  repeated  finding  of  Poenmr  and  his  students  that 
physical  natchea  taka  leas  ties  than  mm  Mtchea  could  generalise  to 
paredlgM  other  than  the  original  letter-matching  one.  In  particular,  aha 
used  Me  laser's  visual  search  paradigm  a a  another  plaoe  to  study  this 
separation  of  matching  processes.  In  her  first  experiment,  she  wanted 
to  •••  if  there  was  som  advantage  of  saThing  for  two  targets  which 
are  physically  different  but  have  the  asms  mm  (say  A  and  a)  as  compared 
with  searching  for  two  targets  which  are  physically  different  hut  have 
different  namee  (sty  A  and  b).  She  found,  in  fact,  that  this  wee  the 
ease.  However,  the  advantage  wee  never  as  great  as  having  the  single 
target  that  did  not  vary  in  physical  fora.  The  results  suggested  the 
possibility  that  subjects  were  storing  and  actively  rehearsing  an  auditory 
mm  code  during  the  search .  Accordingly,  a  second  experiment  was  con¬ 
ducted  to  investigate  this  possibility.  The  idea  was  to  see  if  simultan¬ 
eous  auditory  input  from  an  external  source  would  interfere  with  the 


search  teak,  especially  as  the  input  increased  in  similarity  to  the  re¬ 
hearsed  mm.  Such  interference  wee  not  obtained.  The  feiltau  of 


auditorelly  presented  letter  names  to  degrade  visual  scanning  performance 
dose  mot  prove  the  absence  of  bm  information  during  the  ns  arch  process, 
•ut  it  does  suggest  that  the  mm  lnforMtlon  is  not  la  acoustic  form. 


Turnbull  suggests  a  oouple  of  models  which  would  account  for  theta  results. 
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CARLO  A  UKXLTA 

Ik*,  ttailta  ims  our  second  Visiting  Scholar.  Dr.  Unllta,  who  is  from 
tbs  University  of  lologns  in  Italy,  sprat  the  last  year  of  ths  pro j act 
with  us.  During  that  tins  ha  coaplstaa  two  iaportaet  studios  for  us, 
both  of  which  ara  now  in  proas  (Unllta  8  Snyder,  1972;  Unllta ,  Frost,  t 
Hjman,  1972).  0n«  study,  on  ths  repetition  offset  continues  sons  work 
that  Hynan  and  Itailta  began  whan  Hyman  was  a  Fulbrlght-Baye  Scholar  at 
the  University  of  Bologna  in  1967-68.  In  reaction  tins  studios  it  has 
boon  found  that  RTa  for  repeated  events  nay  bo  faster  (positive  recency 
effect,  or  repetition  effect)  or  slower  (negative  reosney  offset)  than 
RTa  for  noo-repeated  events,  (tallta  and  Snyder  (Unllta,  Snyder,  6  Snyder, 
1972)  investigated  how  the  positive  and  negative  recency  effects  vary 
with:  (a)  the  event  uncertainty;  (b)  the  delay  between  a  response  and 
ths  next  stimulus  (RSI);  (c)  the  rank  order  of  the  event  in  a  sequence 
of  equivalent  events.  They  found  that:  (a)  under  the  conditions  of  their 
study  there  is  either  a  positive  reoency  effect  or  no  effect  el  all;  (b) 
the  effect  is  larger  when  uncertainty  is  greater;  (c)  the  effect  dlalnlshes 
as  RSI  increases;  (d)  the  offset  is  larger  at  the  hetlwilis  than  at  the 
end  of  a  sequence  of  equiv^ent  event,  when  uncrataiSyiilov .  vhll.  the 
opposite  ia  true  when  event  uncertainty  is  high. 

Ths  other  study  (Unllta,  Frost,  6  Hyman,  1972)  also  relates  book  to 
work  that  IMilta  rad  Hyman  la  collaboration  with  othsrs  began  at  the 
University  of  Bologna.  This  work  is  eonoarnod  with  hemispheric  differ¬ 
ences  in  processing  semantic  and  perceptual  input.  In  one  experiment 
rabjects  saw  letters  presented  either  to  the  right  or  left  of  a  central 
fixation  nark.  The  subjects  pressed  a  key  when  these  stimuli  designated 
as  positive  appeared,  and  did  net  respond  to  the  others.  Both  right  and 
left  head  responding  were  used.  The  results  indicated  a  asaoignifieant 
left  benifleld  (right  hemisphere)  superiority  with  one  letter,  and  signi¬ 
ficantly  faster  responding  to  right  heulfleld  presentations  for  two-  and 
three-letter  displays.  la  a  second  experiment,  subjects  responded  to 
single  letters,  differing  sinultansonsly  in  visual  and  phonemic  discrimin¬ 
ation.  Reaction  tines  wars  interpreted  an  indioating  faster  phanenio 
discriminations  of  vowel  and  stop  consonant  sounds  for  left  rad  right 
hemiflelds,  respectively. 
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